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Abstract 
In the event of CO2 leakage of offshore CCS, impurity substances in a CO2 stream could have potential impacts on 
marine organisms. Hazardous impurities, i.e. CO, SO2, H2S, NOx, NH3 and Hg were reviewed. Effects of CO and SO2 
on marine organisms were scarcely known. Japanese guideline indicates safe levels < 0.0009 mg/L for H2S, < 0.2 
mg/L for NO2, < 30 mg/L for NO3, < 0.035 mg/L for NH3, < 0.0001 mg/L for total mercury and < 0.001 mg/L for 
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1. Introduction 
Geological carbon dioxide capture and storage (CCS) would entail capture of CO2 from a range of 
point source industrial emissions by means of various CO2 capture technologies. This could result in 
impurity chemical substances in the CO2 stream. Impurities in a captured CO2 stream could have potential 
impacts on health and safety including ecosystem. In the event of CO2 leakage from seabed pipeline or 
reservoir of offshore CCS, the hazardous impurities could be released and enter the seawater column 
together with CO2. IEAGHG [1] indicated 5 species of hazardous impurities, i.e. CO (carbon monoxide), 
SO2 (sulfur dioxide), H2S (hydrogen sulfide), NOx (nitrogen oxide) and Hg (mercury).We reviewed 
existing information and published research on the effects of these hazardous impurities on marine 
organisms as to provide data sets needed for a potential risk assessment of leakage of offshore CCS. 
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2. Results of literature survey 
2.1. Carbon monoxide (CO) 
Environmental standard for atmosphere in Japan indicates that CO should be less than 10 ppm for one-
day-average of hourly-value and less than 20 ppm for eight-hour-average of hourly-value. Carbon 
monoxide does not react with water at ordinary temperatures and dissolves slightly in water and is 
produced from dissolved organic material by decomposition of photochemical reaction in natural marine 
environment. Concentration of CO at surface water of Seto Inland Sea, Japan, showed a peak 
concentration of 20nM at noon and almost 0 at night [2]. 
We only found a literature that showed effects of CO on sea urchin, Psammechinus miliaris, in which, 
however, the threshold for the effect concentration was not indicated [3]. 
2.2. Sulfur dioxide (SO2) 
Environmental standard for atmosphere in Japan indicates that SO2 should be less than 0.04 ppm for 
one-day-average of hourly-value and less than 0.1 ppm for hourly-value. SO2 is easily soluble in water 
and produce free acids such as H2SO3, SO2(aq), HSO3-, SO32- and S2O52-. Abundance ratios of these acids 
vary with pH and concentration of total sulfide [4]. Standard seawater contains 2.65g/kg of SO42-. 
There were two literatures those showed effects of SO2 on euryhaline fishes, Morone saxatilis and 
Brevoortia tyrannus [5], [6]. Lowest effect concentration of SO2: 0.06 mg/L was reported on survival of 
fertilized egg and larvae of M. saxatilis [5]. Sulfur dioxide safe level < 0.006 mg/L was estimated using 
application factor 0.1 to this value. 
2.3. Hydrogen sulfide (H2S) 
Offensive Odor Control Law in Japan indicates that permissible limit of atmospheric H2S at property 
line is 0.02 ppm and permissible limit of discharged water exceeding 0.1 m3/L is 0.005 mg/L. In solution, 
H2S dissociate into hydrogen sulfide ion (HS-) and sulfide ion (S2-) and their abundance ratio varies with 
pH of the solution. 
High concentration of H2S is often detected in bottom seawater of highly organically-polluted area 
with depleted Oxygen (O2). Many papers reported effects of H2S on marine organisms in relation to the 
oxygen level of seawater. Toxicity of H2S is developed through inhibition of cytochrome a3 oxidase and 
oxidative phosphorylation, resulting in histotoxic hypoxia and loss of energy. This toxicity is specific to 
non-ionized H2S, since HS- is eliminated at cell membrane. Therefore toxicity of H2S is highly dependent 
on pH of the seawater [7]. 
The Japan Fisheries Resource Conservation Association (JFRCA) [8] indicates H2S safe level < 0.0009 
mg/L for marine organisms using application factor 0.1 to the lowest effect concentration 0.009 mg/L 
which was derived from experiment on shrimp, Metapenaeus monoceros [9]. 
2.4. Nitrogen oxide (NOx) and ammonia (NH3) 
Nitrogen oxides (NOx) are well known as an atmospheric pollutant. Nitrogen monoxide (NO) and 
dinitrogen monoxide (N2O) are slightly soluble in water but the other nitrogen oxides react with water 
and produce nitrous acid (HNO2) or nitric acid (HNO3). Concentrations of Ammonia nitrogen (NH3-N), 
nitrite nitrogen (NO2-N) and nitrate nitrogen (NO3-N) in seawater are closely related to biological 
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productivity of marine environment. Ammonia nitrogen is found in low concentrations in seawater since 
it is easily utilized as nitrogen source by photosynthetic organism. 
The JFRCA indicates safe levels for marine organisms as follow. NO2: < 0.2 mg/L, using application 
factor 0.1 to the lowest effect concentration 2 mg/L which was derived from experiment on juvenile 
Pacific oyster Crassostrea gigas [10]. NO3: < 30 mg/L, using application factor 0.1 to the lowest effect 
concentration 332-443 mg/L which was derived from experiment on hermit crab, Pagurus bernhardus 
[11]. 
The JFRCA also indicates NH3 safe level < 0.035 mg/L applying the Final Chronic Value indicated in 
U.S. EPA report [12]. 
2.5. Mercury (Hg) 
Mercury (Hg) comes into existence in the natural environment from natural processes such as volcanic 
activities and from human activities such as fuel combustion and industrial activities. In highly 
oxygenated seawater, Hg exists as HgCl42- and/or HgCl3- when salinity is at 35 whereas exist as Hg-
humic or HgCl2 when salinity is at 10 [13]. Mercury concentrations of surrounding seawater of Japan are 
in the range of 1  17 ng/kg [14]. Environmental water quality standards for protecting human health of 
Japan indicates standard values < 0.0005 mg/L for total mercury and not detectable  for alkyl mercury 
[15]. 
The JFRCA indicates < 0.0001 mg/L for total mercury safe level of marine organisms using 
application factor 0.1 to the acute toxicity value 0.001  0.003 mg/L which was derived from experiment 
on the larvae of European oyster, Ostrea edulis [16] and < 0.001 mg/L for alkyl mercury using 
application factor 0.1 to the effect concentration 0.01 mg/L which was derived from experiment on 
euryhaline fish, Fundulus heteroclitus [17]. 
3. Evaluation of potential impacts 
Hypothetical composition of CO2 stream was configured to assess impacts of impurities by contrast 
with CO2 impact. In this study the concentration levels of impurities were set to highest levels indicated 
in the tabl 2 2 levels to 99% by volume since 
Order for Enforcement of Act for the Prevention of Marine Pollution and Maritime Disasters designates 
that CO2 concentration level in the CO2 stream for offshore CCS should be more than 99% by volume in 
Japan(Table 1). 
Reported lowest effect concentrations of CO2 on marine organisms ranged from +200 to +350 ppm 
[18], [19], [20], thus tentative lowest effect concentration of CO2 was determined as +200 ppm from 
ambient seawater (380 ppm). Concentrations of the impurities were calculated assuming that the 
hypothetical CO2 stream completely dissolved in seawater and reached lowest level of effect 
concentration of CO2, (Table 1). 
It was indicated that the impact of these impurities would be overshadowed by the CO2. 
Mercury is expected to be present in trace amounts in pre-combustion and post-combustion streams, so 
called micro-impurity  [1]. However, in the event of CO2 leakage, since CO2 at high concentrations is 
hazardous by itself, the effects of Hg may become a secondary issue. 
4. Discussion 
In general, effects of chemical substances on marine organisms are dependent on other environmental 
factors such as temperature, salinity, pH and concentration of dissolved oxygen. Further studies are 
3450   Jun Kita and Hideaki Kinoshita /  Energy Procedia  37 ( 2013 )  3447 – 3451 
needed for relationship between such environmental factors and toxicity of impurities together with 
behavior of these impurities in seawater column and sediments. Special attention should be taken for 
assessment of H2S since its toxicity is closely related to dissolved oxygen level and pH of seawater. 
Many attentions of bioaccumulations of mercury indicated that bioaccumulation and its effects on 
marine organisms should be considered further especially for heavy metals. 
The impact of impurities on marine organisms will likely be overshadowed by that of the CO2, which 
is hazardous by itself at high concentration, if dissolved in seawater for prolonged periods. 
Table 1. Concentrations of impurities when the hypothetical CO2 stream completely dissolved in seawater and reached lowest effect 
concentrations of CO2. 
Component Hypothetical CO2 stream 
Concentrations in seawater when 
the hypothetical CO2 is diluted to 
+200 ppm to the ambient 
seawater (380 to 580 ppm) 
Safe level Reference to the Safe level 
CO2 990,000 ppmv (99 %) 3.2 mg/L < +200 ppm [18], [19], [20] 
CO 400 ppmv 0.83 g/L Unknown This study 
SO2 50 ppmv 0.24 g/L < 6.0 g/L This study 
H2S 100 ppmv 0.25 g/L < 0.9 g/L [8], [9] 
NO2 100 ppmv (NOx) 0.34 g/L < 200 g/L [8], [10] 
NO3 100 ppmv (NOx) 0.46 g/L < 30,000 g/L [8], [11] 
NH3 50 ppmv 0.06 g/L < 35 g/L [8], [12] 
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